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Abstract

Context: \We have recently shown that the secreted isoform of endoplasmic reticulum membrane complex subunit 10 (scEMC10) is upregulated
in human obesity and that overexpression of sScEMC10 promotes, whereas antibody neutralization of circulating scEMC10 prevents diet-induced
obesity in mice.

Objective: To explore associations of serum scEMC10 with body mass index (BMI), resting metabolism rate (RMR), and age in humans.
Design: A cross-sectional study.

Setting and Patients: A total of 833 participants from a Chinese physical examination cohort and 191 participants from the Leipzig Obesity
Biobank cohort.

Main Outcome Measures: Serum scEMC10 concentrations are measured using chemiluminescentimmunoassay. RMR is calculated based on
measurements from indirect calorimetry with an open-circuit ventilated-hood system.

Results: In the Chinese physical examination cohort, a J-shaped nonlinear correlation between BMI and serum scEMC10 was identified in
participants where underweight, overweight, and obese people all presented higher serum scEMC10 levels than normal weight people.
Participants younger than age 30 years old exhibited significantly higher serum scEMC10 levels than those older than 50 years of age. In
addition, participants aged 30 to 40 years also had significantly higher serum scEMC10 levels than those aged 50 to 60 years. In the Leipzig
Obesity Biobank cohort, we observed a significantly negative correlation between serum scEMC10 and resting energy expenditure after
adjusting for BMI. Participants in the highest quartile of serum scEMC10 levels had significantly lower RMR than those in the first quartile.
RMR had an independently inverse association with serum scEMC10.

Conclusions: Serum scEMC10 levels are negatively associated with age and RMR in humans.
Key Words: scEMC10, BMI, age, resting metabolism rate

Abbreviations: ALT, alanine aminotransferase; AST, aminotransferase; BAT, brown adipose tissue; BMI, body mass index; BSA, body surface area; EMC10,
endoplasmic reticulum membrane complex subunit 10; FPG, fasting blood glucose; scEMC10, secreted endoplasmic reticulum membrane complex subunit 10;
GGT, gamma-glutamyl transferase; LDL-C, low-density lipoprotein cholesterol; REE, resting energy expenditure; RMR, resting metabolism rate; TG, triglyceride.

Endoplasmic reticulum membrane complex subunit 10 scEMC10 prevents, diet-induced obesity and related metabolic

(EMC10) is evolutionarily conserved across species. Both hu-
man and mouse EMC10 exist as 2 isoforms: secreted EMC10
(scEMC10) and membrane-bound EMC10 (1). scEMC10,
also known as INMO02 and hHSS1, was cloned by our group
in insulinoma tissue for the first time and found to be upregu-
lated by high glucose in pancreatic B cells (2-4). We have recently
presented evidence that overexpression of scEMC10 promotes,
whereas specific antibody neutralization of circulating

diseases in mice (5). These phenotypes are attributed to inhibi-
tory effects of scEMC10 on adipocyte thermogenesis (5).
Although we observed that circulating scEMC10 is increased
in obesity and is positively associated with body mass index
(BMI) in humans (5), the effect of scEMC10 on human energy
expenditure has not been characterized.

Resting energy expenditure (REE) accounts for 60% to 70%
of total energy expenditure and is defined as the minimum
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energy required for the body to perform vital functions under
basal conditions (6). Given that obesity is a disorder of energy
balance, we sought to examine the relationship between circu-
lating scEMC10, a pro-obesity hormone, and resting metabolic
rate (RMR), the adjusted REE, in humans. Because age is 1 of
the most important contributors to energy metabolism (7), the
correlation between serum scEMC10 and age will also be
investigated.

Here, we show circulating scEMC10 is inversely correlated
with RMR in participants from the Leipzig Obesity Biobank
cohort and is negatively associated with age in participants
from a Chinese physical examination cohort and. In addition,
serum scEMC10 is positively associated with BMI in partici-
pants of the 2 cohorts.

Patients and Methods

Patients

We recruited 883 participants who underwent physical ex-
aminations and routine blood biochemical analyses at
Huashan Hospital from September to October 2017.
Participants with the following conditions were excluded in
this study: (1) hemoglobin <90 g/L; (2) white blood cell count
>10x 10°/L; (3) alanine aminotransferase (ALT) >150 U/L;
and (4) Cre >133 pmol/L. This study was approved by the eth-
ics committee of Huashan Hospital following the principles of
the Declaration of Helsinki. Written informed consent was
obtained from all subjects.

We recruited 191 participants from the Leipzig Obesity
Biobank. All participants fulfilled the following inclusion cri-
teria: (1) age >18 years and (2) stable body weight, defined as
the absence of fluctuations of >3% of body weight for >3
months before blood tests. In addition, the following exclu-
sion criteria have been defined: (1) any acute or chronic in-
flammatory disease or symptoms of infection; (2) clinical
evidence of either cardiovascular or peripheral artery disease;
(3) smoking; (4) low-density lipoprotein cholesterol (LDL-C)
>4 mmol/L; (5) any type of malignant disease; (6) thyroid dys-
function; (7) Cushing disease or hypercortisolism; (8) alcohol
or drug abuse; or (9) pregnancy. The study was approved by
the ethics committee of the University of Leipzig (approval
number: 159-12-21052012) and all subjects gave written in-
formed consent before taking part in the study.

Data Collections and Calculations

In the Chinese physical examination cohort, age, sex, weight,
and height of all participants were recorded after registration.
Fasting plasma glucose (FPG), total triglycerides (TG), total
cholesterol, LDL-C, high-density lipoprotein cholesterol, ALT,
aspartate aminotransferase (AST), gamma-glutamyl transferase
(GGT), and albumin serum concentrations were detected under
fasting conditions in the morning. BMI was calculated as weight
(kg) divided by height squared (m?). BMI is categorized as
underweight (BMI < 18.5 kg/m?), normal (18.5 kg/m?* < BMI
<24 kg/m?), overweight (24 kg/m* <BMI <28 kg/m?), and
obese (BMI > 28 kg/m?) (8).

In the Leipzig Obesity Biobank cohort, age, sex, weight,
and height of all participants were collected. BMI is catego-
rized as <40 kg/m? and >40 kg/m? (extreme obesity) in this
cohort. REE was calculated based on measurements from
indirect calorimetry with an open-circuit ventilated-hood
system (Vmax Spectra 29n, SensorMedics BV, Viasys
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Healthcare, Bilthoven, The Netherlands). In our study, the
RMR was calculated as REE (kcal/d)/body surface area (BSA)
(m?). BSA was calculated using the following equations:
BSA = 0.1173 x Weight (kg)®®*®®, which is validated for obese

participants (9).

Measurement of Serum scEMC10 in Human

A total of 2 mL IV blood of all participants under fasting con-
dition was collected and centrifuged to obtain serum. Serum
specimens without hemolysis were stored in —80°C for further
measurement of scEMC10 using chemiluminescent immuno-
assay kits (Phrenzer Biotechnology, Shanghai, China; RRID:
AB_2934319), as described previously (3).

Statistical Analysis

Normally distributed data are presented as means + SD,
whereas skewedly distributed data are presented as median
(interquartile range). TG, ALT, AST, GGT, REE, and RMR
were logarithmically transformed and serum scEMC10 was
fourth root-transformed before further analysis. Student
t-test or ANOVA was used for continuous variables, and
test for categorical variables. Partial correlation analyses
were performed to investigate the correlation between serum
scEMC10 and REE after adjusting for BMI, and the correla-
tions between RMR and BMI, age, and serum scEMC10 after
adjusting for sex. Pearson’s correlation analysis was used to
examine the correlation between scEMC10 and other varia-
bles. Paraments that correlated significantly with serum
scEMC10 were selected to enter stepwise linear regression
by sex. We examined nonlinear association of serum
scEMC10 with BMI by using restricted cubic spline curves
with 3 knots and then visualized the curves with R. Three
knots were at the 25th, 50th, and 75th percentiles of BMI.
Because of the different distributions of age between the 2
sexes, we presented the scEMC10 concentration in different
range of age separately by sex.

A 2-tailed P value <.05 was considered significant. All ana-
lyses were performed with Statistical Package for Social
Sciences (version 26, SPSS, Chicago, IL, USA) and figures
graphed with R (version 4.2.0) and GraphPad prism (version
8.0, GraphPad Software Inc.).

Results

Anthropometric Characteristics of Participants in a
Chinese Physical Examination Cohort and a White
Cohort

A total of 833 participants were enrolled in the Chinese phys-
ical examination cohort, including 55.7% males and 44.3%
females whose ages ranged from 19 to 88 years (Table 1).
These participants were divided into groups according to their
BMI. The proportions of underweight (BMI < 18.5 kg/m?),
normal weight (BMI, 18.5-23.9 kg/m?), overweight (BMI,
24-27.9 kg/m?), and obese participants (BMI> 28 kg/m?)
were 6.2%, 53.6%, 32.7%, and 7.5%, respectively.
Significant differences in age, gender, BMI, FBG, ALT,
GGT, and serum scEMC10 levels were observed among the
4 groups. However, there were no significant differences in
TG, total cholesterol, high-density lipoprotein cholesterol,
LDL-c, and AST (Table 1).

As shown in Table 2, we recruited 191 participants from the
Leipzig Obesity Biobank whose REE was measured by using
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indirect calorimetry, including 25.7% males and 74.3%
females whose ages ranged from 19 to 60 years.

P value
070"
177¢
002°
104
084°
678
012°

Serum scEMC10 Levels in Participants With Various
BMI Levels

We determined serum scEMC10 levels of Chinese participants
in 4 BMI strata. The median serum scEMC10 value in under-
weight, normal weight, overweight, and obese groups was
9.57,7.23, 8.59, and 10.71 ng/mL, respectively. When com-
pared with normal weight, both the overweight and obese
groups have significantly higher levels of serum scEMC10
(Table 1, Fig. 1A). The nonlinear correlations between BMI
and serum scEMC10 levels in participants from the Chinese
physical examination cohort and the Leipzig Obesity
Biobank cohort were modeled and visualized using restricted
cubic splines. Strikingly, we observed a nonlinear correlation
between serum scEMC10 and BMI in participants with BMI
ranging from 16.0 to 36.0 kg/m? from the Chinese physical
examination cohort (Fig. 1B, P nonlinear =.0226). However,
the nonlinear correlation was not found in participants from
the Leipzig Obesity Biobank cohort who had average BMI
with 36.2 kg/m?* (Fig. 1C, P nonlinear =.1012).

=47)
1.68 +0.09
106.83 +£21.86
1843 (1660-2099)
805.10 (738.70-869.23)*

9/38
37.83+6.74*%

(>36.73 ng/mL)

Quartile 4 (N
43.45 +11.91

=48)

Serum scEMC10 Levels in Participants With
Different Ages

In the Chinese physical examination cohort, the group of par-
ticipants aged <30 years exhibited significantly higher serum
scEMC10 levels than both groups aged 50 to 60 and older
than 60 years. In addition, participants aged 30 to 40 years
also had significantly higher serum scEMC10 levels than
those aged 50 to 60 years (Fig. 2A). Serum scEMC10 levels
in men aged 30 to 40 years were significantly higher than those
in men aged older than 60 years. Women aged <30 years had
significantly higher serum scEMC10 levels than both those
aged 50 to 60 years and those older than aged 60 years
(Fig. 2A). In participants from the Leipzig Obesity Biobank
cohort, serum scEMC10 tended toward a decrease with age,
which was more prominent in women (Fig. 2B).

1929 (1766.75-2173.75)

(16.50-36.73 ng/mL)
829.64 (777.60-884.79)

42.71+10.95
1.69+0.09
106.36 +21.09

Quartile 3 (N
12/36
37.26 +6.08*

=48)

1972 (1770-2174)
848.49 (786.65-896.49)

Quartile 2 (N
(6.46-16.50 ng/mL)
43.90 +10.62
13/35

35.26 +3.78

1.70 +£0.09

102.00 +13.94

Association Between RMR and Serum scEMC10
Levels

All 191 participants from the Leipzig Obesity Biobank were
divided into quartiles according to their serum levels of
scEMC10 (Table 2). Compared with participants in the first
quartile, participants in the third quartile (P <.05) and the
fourth quartile (P<.001) had significantly higher BMI,
whereas participants in the fourth quartile had significantly
lower RMR (P < .05). However, there was no significant dif-
ference in age, sex, height, and REE among the 4 groups (all
P> .05). BMI was adjusted for applying a partial correlation
analysis to examine the association of serum scEMC10 with
REE. It showed a significantly negative correlation between
serum scEMC10 and REE (partial r=-0.251, P<.001)
(Fig. 3).

RMR was reduced in obesity (Fig. 4A). Participants with
obesity at various levels (I obesity: 30 kg/m”*<BMI<
34.9 kg/m?; 11 obesity: 35 kg/m* < BMI < 39.9 kg/m?%; ex-
treme obesity: BMI > 40 kg/m?) all had significantly lower
RMR when compared with those without obesity (BMI <
29.9 kg/m?) (all P<.001) (Fig. 4A). Men exhibited signifi-
cantly higher RMR compared with women (P <.001)

g 4 groups was obtained by y* test. The first quartile was set to be the reference group.

Log10 transformed before analysis.

1.71+0.10

ysis.
The P values for age, BMI, height, weight, REE, and BMR among the 4 groups were obtained by 1-way ANOVA, and multiple testing was corrected by using LSD correction.

Quartiles of scEMC10 concentration”
48)

(<6.46 ng/mL)

100.55 £ 24.65

1881.5 (1684-2212.75)

846.63 (761.29-960.21)

Quartile 1 (N
47.25+9.19
34.41+7.45

15/33

**P <.01.

Abbreviations: BMI, body mass index; LSD, Fisher’s least significant difference; REE, resting energy expenditure; RMR, resting metabolism rate; scEMC10, secreted isoform of endoplasmic reticulum membrane

Table 2. Relationships of anthropometric parameters across serum scEMC10 quartiles in subjects from the Leipzig Obesity Biobank
complex subunit 10.

“Fourth root transformed before anal

b
“The P value for sex amon,

RMR, kcal/m?/d?
d

Characteristics
Male/female
BMI, kg/m?>
Height, m
Weight, kg
REE, kcal/d?
*P<.03,

Age, y
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Figure 1. Serum scEMC10 levels in participants with different BMIs and their nonlinear association analyses in the Chinese physical examination
cohort and the Leipzig Obesity Biobank Cohort. The P value for serum scEMC10 among BMI groups were obtained by 1-way ANOVA, and multiple
testing was corrected by using LSD correction. Nonlinear association of serum scEMC10 with BMI was performed by using restricted cubic spline
curves (RCS). scEMC10: Fourth root transformed before analysis. Abbreviations: BMI, body mass index; LSD, Fisher’s least significant difference. * P
<.05, **P< .01.
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Figure 2. Serum scEMC10 levels in participants with age strata in the Chinese physical examination cohort and the Leipzig Obesity Biobank Cohort.
The P value for serum scEMC10 among age strata was obtained by 1-way ANOVA, and multiple testing was corrected by using LSD correction.
scEMC10: fourth root transformed before analysis. Abbreviation: LSD, Fisher's least significant difference. *P< .05, **P< .01, ***P < .001.

Fig. 4B). In addition, participants aged 30 to 40 years had
r=-0.251 P<0.001 e 40 o e 50" ’

= higher RMR than those aged 50 to 60 years (P<.01)
= 3.6+ (Fig. 4C). Following adjustment for sex, RMR was inversely
2 associated with BMI (partial »=-0.360, P <.001), age
= 3.5 (partial r=-0.192, P =.008), and serum scEMC10 (partial
= r=-0.238, P <.001) (Fig. SA-C).

3 3.4

n

e Correlation Analysis and Stepwise Linear

£ 331 Regression Analysis of Serum scEMC10 and Other

3 Variables

E 327 Pearson’s correlation analysis was used to investigate the rela-
H tionship between serum scEMC10 levels and other variables
ﬂé 3.1 2 4 2' .'.Ii A displayed in Table 3. In the whole Chinese cohort, serum

scEMC10 was negatively correlated with age (P <.001) and
positively associated with BMI (P <.05). In men, serum
scEMC10 was negatively correlated with age (P <.001) and
positively associated with BMI, ALT, AST, and GGT (all
P <.05). In women, serum scEMC10 was inversely associated
with age, FPG, and GGT (all P <.05) (Table 3). In the Leipzig
Obesity Biobank cohort, serum scEMC10 was significantly
correlated with BMI (r=0.280, P <.001) and RMR (r =
—0.236, P=.001) in all participants. Similar correlations of
serum scEMC10 with BMI (r=0.265, P=.001) and RMR

4/scEMC10 (mean+residual) # (ng/ml)

Figure 3. Partial correlation analysis of REE with serum scEMC10 after
adjusting for BMI in participants from the Leipzig Obesity Biobank
Cohort. *BMI-adjusted unnormalized residual via linear regression after
addition of mean values of log10-transformed REE. *BMl-adjusted
unnormalized residual via linear regression after addition of mean
values of fourth root-transformed scEMC10. Partial rand P values
were obtained after adjustment for BMI. Abbreviations: BMI, body
mass index; REE, resting energy expenditure.
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Figure 4. RMR levels in participants with different BMI, sex, and ages in the Leipzig Obesity Biobank Cohort. The Pvalue for RMR among groups were
obtained by 1-way ANOVA, and multiple testing was corrected by using LSD correction. The P value for RMR between males and females were
obtained by Student ttest. RMR: Log10 transformed before analysis. Abbreviations: BMI, body mass index; LSD, Fisher's least significant difference;
RMR, resting metabolism rate. *P < 0.05, **P< .01, ***P < .001.
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Figure 5. Partial correlation analyses of RMR with BMI, serum scEMC10, and age after adjusting for sex in participants from the Leipzig Obesity
Biobank Cohort. ®°Gender-adjusted unnormalized residual via linear regression after addition of mean values of log10-transformed RMR. ?Sex-adjusted
unnormalized residual via linear regression after addition of mean values of BMI. ®Sex-adjusted unnormalized residual via linear regression after addition

of mean values of age. “Sex-adjusted unnormalized residual via linear regression after addition of mean values of fourth root transformed scEMC10.
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Partial rand P values were obtained after adjustment for sex. Abbreviations: BMI, body mass index; RMR, resting metabolism rate.

(r=-0.235, P=.005) were also observed in women.
Moreover, serum scEMC10 inversely correlated with age in
women (P <.05) (Table 3).

A multiple stepwise linear regression analysis was per-
formed to characterize the relationship between serum
scEMC10 and multiple clinical parameters. In the Chinese
physical examination cohort, age, BMI, FPG, ALT, AST,
and GGT were included for analysis. In all participants, serum
scEMC10 was negatively associated with age (P <.001) and
positively associated with BMI (P < .05), in an independent
manner. In men, serum scEMC10 was also independently as-
sociated with AST (positive, P <.05) in addition to age and
BMLI. In women, only age was found to have an independent
negative association with serum scEMC10 (Table 4). In the
Leipzig Obesity Biobank cohort, age, BMI, REE, and RMR
were included for analysis. Serum scEMC10 was positively as-
sociated with BMI (P <.01) and inversely associated RMR
(P <.05), in the whole cohort, independent of other covari-
ates. In women, serum scEMC10 inversely correlated with

both age (P <.05) and RMR (P <.001), independent of other
covariates (Table 4).

Discussion

Previously, we investigated the correlation between serum
scEMC10 and obesity and observed that serum scEMC10 lev-
els increase in overweight and obese subjects and positively
correlate with BMI (5). In this study, the positive correlation
was consistently observed in overweight or obese participants
from 2 additional cohorts. Strikingly, we identified a J-shaped
nonlinear correlation between BMI and serum scEMC10,
which suggests that, besides overweight and obese people,
underweight people also have higher serum scEMC10 than
normal-weight people and implies that a low level of circulat-
ing scEMC10 is required for the homeostasis of body adipos-
ity or weight. Our previous data support scEMC10 as an
obesogenic circulating factor in mouse because scEMC10
overexpression promotes, whereas specific antibody
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Table 3. Pearson’s correlation analysis between serum scEMC10 levels
and other variables in subjects from the Chinese physical examination
cohort and the Leipzig Obesity Biobank
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Table 4. A multiple stepwise linear regression analysis of the variables
independently associated with serum scEMC10 levels in a Chinese
physical examination cohort and the Leipzig Obesity Biobank cohort

Variables All Male Female
r P value r P value r P value
Chinese
Age -0.143 <.001 -0.152 <.001 -0.124 .014
BMI 0.073 .030 0.111 .014 0.074 147
FPG -0.028 411 0.018 .698 -0.106 .037
TG -0.055 101 -0.017 .700 -0.096 057
TC 0.015 657 0.032 482 -0.009 .863

LDL-C  0.047 163 0.052 246 0.039 446
HDL-C  0.034 317 0.017 .700 0.044 385

ALT? 0.032 344 0.110 .015 -0.046  .368

AST? 0.039 246 0.105 .021 -0.057  .265

GGT? 0.000 994 0.101 .028 -0.118 .021
German

Age 0.142 .050 0.011 940  -0.169  .045

BMI 0.280 <.001 0.270 .061 0.265 .001

RMR? -0.236 .001 -0.162 266 —0.235 .005

Abbreviations: ALB, albumin; ALT, alanine aminotransferase; AST,
aminotransferase; BMI, body mass index; FBG, fasting blood glucose; GGT,
gamma-glutamyl transferase; HDL-C, high-density lipoprotein-cholesterol;
LDL-C, low-density lipoprotein-cholesterol; RMR, resting metabolism rate;
scEMC10, secreted isoform of endoplasmic reticulum membrane complex
subunit 10; TC, cholesterol; TG, triglycerides.

scEMC10, fourth root transformed before analysis.

“Log10 transformed before analysis.

P < .05 was bolded.

neutralization prevents diet-induced obesity (5). It is unclear
why a higher level of serum scEMC10 is present in under-
weight people than normal weight ones. Given the pro-obese
property of scEMC10, the upregulation of scEMC10 is
proposed as a compensatory mechanism, whereby under-
weight people maintain their body weight in response to
further weight loss.

We used adjusted REE (RMR) by dividing by BSA to elim-
inate the metabolic effects of body size differences in the
Leipzig Obesity Biobank cohort. RMR was inversely associ-
ated with BMI and age, and the RMR levels were significantly
higher in men compared with women, which was consistent
with other studies (10-13). It is noteworthy that RMR still ex-
hibited a significant inverse association with BMI, age, and se-
rum scEMC10 after adjusting for sex, respectively, suggesting
these associations were independent of sex. We also observed
a significantly negative association between serum scEMC10
and RMR in this cohort by performing multiple linear regres-
sions. In a sex-stratified analysis, this inverse association be-
tween scEMC10 and RMR was observed in women, but not
in men. However, it is hard to draw a conclusion that this as-
sociation is sex dependent because men only account for a
small portion (25%) in this cohort. RMR is a ratio measure
(REE/BSA), which may have unfavorable statistical properties
(14). The presence of BSA at the denominator may distort the
relationship between serum scEMC10 and energy expend-
iture. Although there was no significant difference in REE
among serum scEMC10 quartiles, the partial correlation ana-
lysis showed a significant inverse association between serum
scEMC10 and REE after adjusting for BMI. This result agrees

Independent Standardized t 95% CI P
variables B value
Chinese
All
Age -0.159 —4.659 -0.007 to —0.003 <.001
BMI 0.083 2.466 0.010 to 0.088 .014
Male
Age -0.171 -3.766 —0.008 to —0.002 <.001
BMI 0.098 2.161 0. 005 to 0.110 .031
AST? 0.096 2.118 0.020 to —0.529 .035
Female
Age -0.110 -2.157 -0.007 to 0.000 .032
German
All
BMI 0.202 2.700 0.006 to 0.035 .008
RMR* -0.192 -2.565 -3.700to —-0.483 .011
Female
Age —0.183 -2.264 -0.019 to —0.001  .025
RMR? -0.318 -3.928 —-6.193t02.045 <.001

The analysis also included FPG, AST, and GGT, which were excluded in the
final model.

Abbreviations: AST, aminotransferase; BMI, body mass index; FPG, fasting
blood glucose; GGT, gamma-glutamyl transferase; RMR, resting
metabolism rate; scEMC10, fourth root transformed before analysis.
“Log10 transformed before analysis.

with mouse studies that demonstrate that overexpression of
scEMC10 decreases, whereas neutralization of circulating
scEMCI10 increases energy expenditure accompanied by in-
hibiting PKA signaling and activating brown adipose tissue
(BAT) thermogenesis (5). However, BAT activity has little im-
pact on RMR in overweight or obese adults under thermoneu-
tral circumstances (15). Fat-free mass, especially skeletal
muscle tissues (accounts for 40%-50% of body weight), ex-
hibits important effects on resting energy expenditure (16).
We demonstrated that scEMC10 exerted an inhibitory effect
on PKA signaling, which is involved in glucose and energy me-
tabolism of skeletal muscle (5, 17). Therefore, the role of se-
rum scEMC10 on energy metabolism of skeletal muscle
warrants further investigation. However, fat-free mass was
unavailable in this cohort, which was a limitation of this
study.

Changes in circulating concentrations of hormones or cyto-
kines occur with aging. Here, we observed that the serum lev-
els of scEMC10 also vary with age. Generally, serum
scEMC10 decreases with aging. In the Chinese physical exam-
ination cohort, serum scEMC10 significantly decreases in par-
ticipants aged older than 50 years when compared with
participants aged younger than 30 years, a decline that is
more pronounced in women. Multiple regression analysis re-
vealed that serum scEMC10 is negatively associated with age,
independent of BMI and other covariates. The decrease of se-
rum scEMC10 with aging is unlikely to be accounted for by
the BAT mass or activity, which has been shown to be inverse-
ly associated with age in humans and to be enhanced by
EMC10 ablation or antibody neutralization in mouse models
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(5,18, 19). As a limitation, we acknowledge that our data are
based on cross-sectional cohorts. Therefore, longitudinal data
are required to substantiate our findings. The changes of se-
rum scEMC10 during aging are comparable to those of sex
hormones in humans. In women, decreases of estrogens ac-
companied by increases of gonadotropins occur throughout
menopause approximately 51 years old, with a range of vari-
ation between 40 and 60 years of age (20). Although men do
not undergo an equivalent of menopause, concentrations of
serum testosterone, dihydrotestosterone, and the testosterone
precursor androstenedione are decreased gradually in their
lifespans (21). In the future, the determination of the relation-
ship between serum scEMC10 and sex hormones will provide
clues regarding the physiological regulation of scEMC10; fur-
ther investigations on the role of scEMC10 in aging are
warranted.

In this study, we provided more evidence regarding the as-
sociation of serum scEMC10 with BMI, observing a nonlinear
J-shaped distribution of serum scEMC10 across BMI. We also
identified an inverse association between serum scEMC10 and
RMR, which is consistent with previous findings demonstrat-
ing that scEMC10 is a potential pro-obesity hormone. In add-
ition, our work demonstrates a clear and consistent inverse
association between chronological age and scEMC10, provid-
ing impetus to explore the significance of sScEMC10 to human
aging in future studies.
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